Social media is an important tool for disaster prevention and management. To reveal the public responses to disasters on social media in the context of East Asian culture, an urban flood disaster event that occurred in Wuhan City, China, in the summer of 2016 was selected as a case. Data were collected from Sina-Weibo, which is the earliest and most popular social media platform in China. We categorized a total of 17,047 messages into four types, analyzed the Pearson correlation between information dissemination and precipitation, and identified the important accounts and their messages in the social networks by visualized analysis. The results show that there is a one-day lag between participation and public response. Message dissemination has a steeply downward trend over time, that is, a long tail effect. Information disseminates quickly within two hours, and then dissemination declines after four hours, with opinion messages disseminating faster than other types of messages. Famous news organizations and several celebrities play a leading role in social networks. In general, the participation of Chinese netizens in disaster events is lower than that of people in Western countries, and social media is not yet used as a tool for disaster response.
Introduction
Social media refers to internet-based applications that enable people to communicate and share resources and information through conversation and interaction [1, 2] . Thus far, Facebook is the most popular social media platform with 2.2 billion active users distributed across 119 countries worldwide, followed by Instagram with 600 million active users. Twitter is more popular in the United States and most Western European countries than other social media [3] . Social media has a large number of global users and a wide geographical distribution. Users can easily post, comment, and repost any message on social media, and it takes only a short time to obtain and share information. For these reasons, social media networks have emerged as a powerful tool in allowing the collaboration and sharing of information during times of disasters. As early as 2011, scholars began to pay attention to the use of social media during natural disasters. Yates & Paquette (2011) presented how social media is used [4] ; what influence it has on knowledge sharing, reuse, and decision-making; and how knowledge was effectively maintained in these systems during the Haitian earthquake. In addition, the Queensland floods that occurred in 2011 provided a unique opportunity to explore the information experiences of people using social media during the flooding in the Brisbane River [5] . Shortly afterward, with the increasing coverage of the internet, many social media platforms gradually came online. The public began to pay more attention to social media and participate more in social media than before. This paper aims to (1) determine how well the social media (Sina-Weibo) has been used as a communication tool in urban flood disaster management, (2) determine how long the time lag is from the beginning of rainfall to widespread public response to flood events on Sina-Weibo, (3) identify which kind of message has the fastest dissemination speed and what message content has slow heat attenuation, and (4) explore which accounts play a leading role in the social media network during the flood event in the context of East Asian culture. In addition, we attempt to discuss the differences in information dissemination-related disaster events between Sina-Weibo and other social media platforms in Western countries.
The Flood Event in Wuhan City in the Summer of 2016
In July 2016, continuous heavy rainfall caused floods in 26 provinces along the middle and lower reaches of the Yangtze River in China. Among them, Wuhan City, the capital of Hubei Province, was the most affected area (Figure 2 ). From late June to early July 2016, precipitation reached 1036.4 millimeters in Wuhan City. The affected population reached 757 thousand people. 14 people died, 167,897 people were moved to safe areas, 2.36 thousand buildings were destroyed, and 370 buildings were damaged. The traffic system was paralyzed, schools closed, and railway stations were flooded. lower reaches of the Yangtze River in China. Among them, Wuhan City, the capital of Hubei Province, was the most affected area ( Figure 2 ). From late June to early July 2016, precipitation reached 1036.4 millimeters in Wuhan City. The affected population reached 757 thousand people. 14 people died, 167897 people were moved to safe areas, 2.36 thousand buildings were destroyed, and 370 buildings were damaged. The traffic system was paralyzed, schools closed, and railway stations were flooded. From June 25 to July 6, 2016, the Wuhan meteorological station reported that the cumulative rainfall was 650.9 millimeters (mm), and the maximum precipitation had broken all past precipitation records at this station. This was mainly due to the increase of artificial structures on both sides of rivers and lakes, which led to the encroachment and blockage of river flow. Thus, the flood storage capacity of rivers and lakes was greatly reduced. Rapidly rising water levels in lakes and rivers directly led to surface runoff that could not be discharged into the receiving water in time.
Ironically, as a piloted sponge city, Wuhan City has good drainage conditions (166 lakes and a location near the Yangtze River). Despite these conditions, the city flooded, arousing wide public concern and discussions throughout the country, especially on social media. During this event, the major news organizations and government agencies played important roles in disseminating information, providing assistance to disaster survivors, connecting with citizens, providing decision support, and disseminating common sense to individuals about where and how to receive assistance and how to participate in their own preparedness and safety. The usage of social media during the flood event improved the velocity, credibility, and richness of information related to the flood and met public demands to know more about the state of affairs regarding the flood. From 25 June to 6 July 2016, the Wuhan meteorological station reported that the cumulative rainfall was 650.9 millimeters (mm), and the maximum precipitation had broken all past precipitation records at this station. This was mainly due to the increase of artificial structures on both sides of rivers and lakes, which led to the encroachment and blockage of river flow. Thus, the flood storage capacity of rivers and lakes was greatly reduced. Rapidly rising water levels in lakes and rivers directly led to surface runoff that could not be discharged into the receiving water in time.
Ironically, as a piloted sponge city, Wuhan City has good drainage conditions (166 lakes and a location near the Yangtze River). Despite these conditions, the city flooded, arousing wide public concern and discussions throughout the country, especially on social media. During this event, the major news organizations and government agencies played important roles in disseminating information, providing assistance to disaster survivors, connecting with citizens, providing decision support, and disseminating common sense to individuals about where and how to receive assistance and how to participate in their own preparedness and safety. The usage of social media during the flood event improved the velocity, credibility, and richness of information related to the flood and met public demands to know more about the state of affairs regarding the flood.
Data and Methods

Data Collection
At present, Weibo, WeChat, and QQ are popular social media platforms in China. Sina-Weibo, launched by Sina Corp in August 2009, is the most popular social media platform in China with 462 million active users. In fact, the equivalent of Twitter in China is Sina-Weibo [32] . People can post news, opinions, comments, feelings, and anything of interest using words, photos, and videos on Sina-Weibo. Then, these messages are disseminated by reposts, comments, and likes according to the interests of users.
The preliminary warning of meteorological disasters by the meteorological department of the Chinese government can be released anywhere from 10 days to several hours in advance. Beginning with the first early warning and continuously updating the warning information, the public has begun to pay attention to the rainfall situation and share information on social media. According to the provisions of the National Emergency Plan for Natural Disaster Relief in China, provincial civil affairs departments are required to report to the Ministry of Civil Affairs about the disaster losses within 10 days after the disaster is stabilized. Therefore, messages posted on Sina-Weibo were collected from 10 days before to 10 days after the flood event, totaling 21 days from 25 June to 15 July 2016.
Using a Python package, we collected text messages posted or reposted by Sina-Weibo accounts using four key phrases, including "watching the sea in Wuhan", "Wuhan heavy rain", "Wuhan flood" and "Wuhan waterlogging". A total of 17047 messages were collected from Sina-Weibo. For each searched message, we extracted basic information, including the content, client type, post date, and total number of reposts, likes, and comments. "Post" and "repost" on Sina-Weibo are analogous to the terms "tweet" and "retweet" on Twitter. Then, we calculated the number of messages posted (NMP), the number of messages reposted (NMR), the total number of reposts (TNR), and the number of user accounts (NUA). Precipitation data for each day during the period was gathered from local meteorological stations.
Methods
We identified topics from our messages by the manner of "from word meaning to sentence meaning" [34] . Word frequency analysis was employed in all the text content of Weibo messages. Meaning recognition of words with frequency greater than 50 was carried out. According to the meaning of the word, we divided the high-frequency words into four non-overlapping word sets (opinion set, emotion set, information set, and action set). Messages that did not contain the above keywords were classified by manual identification.
Based on the semantic classification method, we classified all the messages into four categories: Information messages, action messages, emotion messages, and opinion messages. We excluded off-topic messages [34] [35] [36] . The Sina-Weibo platform uses colors to indicate different account types. Based on the color of each account, all the messages were also divided into two types: Messages posted or reposted by organization accounts, and other messages posted or reposted by individual accounts.
Pearson correlations were calculated between amount of precipitation and NMP, NMR, NUA, and TNR on the same day until the fourth day. We compared these correlation coefficients and their significance in each classified message and identified whether there was a significant time lag between the precipitation and public response to flood events. Based on the reposting relationships of messages, we constructed networks between Sina-Weibo accounts, which were visualized by the Gephi software. In the networks, it is easy to determine the position of each account and its importance.
Results
General Overview
During the flood event, there were two precipitation peaks ( Figure 3 ). The first one occurred on 1 July and lasted until 2 July, with a cumulative precipitation of 315.9 mm. The second occurred on 6 July, with an accumulated precipitation of 241.5 mm. NMP also had two peaks: The first peak appeared on 1 and 2 July and then began to fall over the next few days until 5 July. The second peak appeared on 6 July and then declined. Of all the messages, only 2480 messages (approximately 17% of the total number) were reposted (a total of 56258 times). Most reposting occurred during 2-3 and 6-9 July and was accompanied by heavy rain. July 1 and lasted until July 2, with a cumulative precipitation of 315.9 mm. The second occurred on July 6, with an accumulated precipitation of 241.5 mm. NMP also had two peaks: The first peak appeared on July 1 and 2 and then began to fall over the next few days until July 5. The second peak appeared on July 6 and then declined. Of all the messages, only 2480 messages (approximately 17% of the total number) were reposted (a total of 56258 times). Most reposting occurred during July 2-3 and 6-9 and was accompanied by heavy rain. 
Classification of Messages
Based on content, all the messages were divided into four types and off-topic messages ( Table  1 ). Although off-topic messages were reposted frequently, the messages were excluded from this study because off-topic messages were not directly related to the flood event. The information messages were the most common, followed by action, opinion, and emotion messages. Of the four types of messages, action messages were reposted the most, and emotion messages were reposted the least, which implies that the public is more willing to discuss and engage in practical action than express emotion during a flood event. Each action and opinion message was commented on an average of over eight times. In these messages, users discussed urban planning problems, rescue issues, donation issues, and ways to avoid or reduce losses in the next disaster. Accordingly, these two types of messages also had more likes than the other two types of messages. Each information or emotion message was only commented on over three times on average. In fact, these two types of messages only play the role of informing and do not promote public thinking and discussion. Therefore, these messages received fewer likes than the others. 
Messages Posted by Organization and Individual Accounts
Classification of Messages
Based on content, all the messages were divided into four types and off-topic messages ( Table 1) . Although off-topic messages were reposted frequently, the messages were excluded from this study because off-topic messages were not directly related to the flood event. The information messages were the most common, followed by action, opinion, and emotion messages. Of the four types of messages, action messages were reposted the most, and emotion messages were reposted the least, which implies that the public is more willing to discuss and engage in practical action than express emotion during a flood event. Each action and opinion message was commented on an average of over eight times. In these messages, users discussed urban planning problems, rescue issues, donation issues, and ways to avoid or reduce losses in the next disaster. Accordingly, these two types of messages also had more likes than the other two types of messages. Each information or emotion message was only commented on over three times on average. In fact, these two types of messages only play the role of informing and do not promote public thinking and discussion. Therefore, these messages received fewer likes than the others. 
Messages Posted by Organization and Individual Accounts
Sina-Weibo accounts are marked by the symbol V with colors. The accounts marked with a blue V belong to government, corporate, institution or news organizations and are called organization accounts. In this study, organization accounts include social organization accounts, government agency accounts, and news organization accounts. The accounts marked with a yellow V indicate that users are members of the general public, and the accounts marked with a golden or red V indicate that the users are celebrities, such as singers, actors, or other people with reputation and influence, and are called individual accounts in this study. There are far fewer organization accounts than individual accounts. In detail, there are only 985 organization accounts and 12,778 individual accounts. Correspondingly, there were only 2194 messages (approximately 13.13% of the total messages) posted by organization accounts, and 14,512 messages (approximately 86.87% of the total messages) posted by individual accounts. However, messages posted by organization accounts were more frequently reposted, commented on, and liked than those posted by individual accounts. Each message posted Sustainability 2019, 11, 5330 7 of 18 by an organization was reposted, commented on, and liked, on average, up to 16.4 times, which is over 10 times more than that of messages posted by individual accounts. Similarly, in the study of the 2012 tsunami in Indonesia, it was also found that the single message of the organization accounts was reposted much more than the individual accounts [37] . This is because the information source of organization accounts is wide, these accounts can post disaster warnings and accurate disaster messages quickly, and their messages can be spread more extensively. In other words, messages posted by organization accounts are widely dispersed and of interest to the public, although the absolute number of messages is not large. A small number of accounts post many messages, and most accounts post very few messages ( Figure 4 ). For example, 419 messages were posted by the Ridge Channel, Hubei Provincial Government Portal, Hubei Daily News, Hubei Publish and National Emergency Broadcast, accounting for 2.5% of the total messages. Although they only account for 0.04% of the total number of accounts, one single account published 83.8 messages on average. The average published number of these accounts far exceeds that of individual accounts. We call these accounts kernel accounts.
indicate that the users are celebrities, such as singers, actors, or other people with reputation and influence, and are called individual accounts in this study. There are far fewer organization accounts than individual accounts. In detail, there are only 985 organization accounts and 12778 individual accounts. Correspondingly, there were only 2194 messages (approximately 13.13% of the total messages) posted by organization accounts, and 14512 messages (approximately 86.87% of the total messages) posted by individual accounts. However, messages posted by organization accounts were more frequently reposted, commented on, and liked than those posted by individual accounts. Each message posted by an organization was reposted, commented on, and liked, on average, up to 16.4 times, which is over 10 times more than that of messages posted by individual accounts. Similarly, in the study of the 2012 tsunami in Indonesia, it was also found that the single message of the organization accounts was reposted much more than the individual accounts [378] . This is because the information source of organization accounts is wide, these accounts can post disaster warnings and accurate disaster messages quickly, and their messages can be spread more extensively. In other words, messages posted by organization accounts are widely dispersed and of interest to the public, although the absolute number of messages is not large. A small number of accounts post many messages, and most accounts post very few messages ( Figure 4 ). For example, 419 messages were posted by the Ridge Channel, Hubei Provincial Government Portal, Hubei Daily News, Hubei Publish and National Emergency Broadcast, accounting for 2.5% of the total messages. Although they only account for 0.04% of the total number of accounts, one single account published 83.8 messages on average. The average published number of these accounts far exceeds that of individual accounts. We call these accounts kernel accounts. When an emergency occurs, the public usually falls into panic and speculation due to insufficient and inaccurate information [389] . Messages including authoritative information posted in a timely manner by government agencies are conducive to eliminating accidents, managing misinformation, stabilizing public sentiment, and preventing the outbreak of a second crisis. For When an emergency occurs, the public usually falls into panic and speculation due to insufficient and inaccurate information [38] . Messages including authoritative information posted in a timely manner by government agencies are conducive to eliminating accidents, managing misinformation, stabilizing public sentiment, and preventing the outbreak of a second crisis. For example, the Ridge Channel, Hubei Publish, Hubei Daily News, and Hubei Provincial Government Portal can release and update meteorological information in a timely manner with the permission of the government. This kind of information is exactly what the public wants to know about the changes in rainfall and it provides great situational awareness and informed decision-making. In addition, as a key element in the mass communication field, news organizations play an important role in the dissemination of information about public events on the internet. News organizations also provide early warnings regarding public emergencies, coordinate social relations, lead public opinion, monitor and reflector on events, and are responsible for the function of social safety valves. Therefore, nine of the ten accounts that posted the most messages are organization accounts. The messages posted by organization accounts generally exceed 80 words, and most of them are information or action messages, including weather forecasts and disaster information. Additionally, most messages posted by individual accounts tend to be fragmented emotion or opinion messages with fewer than 80 words.
Pearson Correlation between Messages and Precipitation Amount
Initially, there are few messages related to the flood event on social media, but the public is eager to know information about rainfall or flooding, so these messages are reposted explosively. Thus, the correlation between TNR and precipitation has the strongest correlation on the same day ( Table 2) . As time goes by, the public can get much information related to rainfall or flooding through other media (television, radio, newspapers, websites, etc.). Users become increasingly active on social media and pay attention to the flood situation, exchange information, and express their feelings and emotions [38] . Sina-Weibo generates massive amounts of news every moment, and in addition to trending events based on clicks, it will recommend messages according to user preferences. On the one hand, this mode can be tailored to more interesting content for users and can also save time to a certain extent, but it may cause a slow dissemination rate for important information that has not yet received attention. On the other hand, unlike other unexpected hot social topics, only sustained heavy rainfall can cause floods. Therefore, there is a certain time-lag effect between the occurrence of flooding and general public attention. The correlations between precipitation and NMP, NMR, and NUA on the next day are more significant than those on the same day or other days ( Table 2) . Table 2 . Pearson correlation coefficients between precipitation and messages. Based on the same correlation analysis, there are time lags between precipitation and messages for each type of message, as shown in Table 3 , and most of these are one-day lags. In detail, there is no time lag between precipitation and TNR in information messages. The possible reason is that there was not enough information at the beginning of the flood, so local users quickly reposted what they see or hear from the real world or the internet. There is a three-day lag between precipitation and the TNR of opinion messages, which means the interactivity of opinion messages can last for three days or more. When people are exposed to floods, the public's psychology and emotions are affected. By transmitting information on the internet through social media, people can reduce anxiety, express sympathy and dissatisfaction, and gain situational awareness [33] . For emotion messages, therefore, the correlations between precipitation and NMP and NUA are highest on the same day (no time lag). Pearson correlation coefficients were also calculated between precipitation and messages posted by organization and individual accounts. In general, the most correlations are between precipitation and NMP, NMR, NUA of both organization and individual messages on the next day (one-day lag). Only the correlation relationship between precipitation and the TNR of messages posted by organization accounts has a three-day lag effect. The possible reason is that heavy rainfall gradually moved downstream along the Yangtze River, where the public may have searched for related warning messages and reposted these messages. In addition, it can be speculated that people are more inclined to exchange opinions under the messages posted by the organization accounts. The TNR of individual accounts on the next day has a significant correlation with precipitation, that is, the one-day lag effect.
In fact, the time lag effects include three parts: (1) A time lag from the beginning of rainfall to public perception of rainfall, then to response on social media; (2) a time lag from floods to public perception, then to response on social media; and (3) a time lag from the beginning of rainfall to floods, then to public perception, then to response on social media ( Figure 5 ). Factors such as the type of disaster, geographical differences, network penetration, etc., should affect the length of the lag time, but in general, the shorter the lag is, the more beneficial it is to reduce economic losses and casualties. 0: No time lag, 1: One-day lag, 2: Two-day lag, 3: Three-day lag / No significant correlation.
Pearson correlation coefficients were also calculated between precipitation and messages posted by organization and individual accounts. In general, the most correlations are between precipitation and NMP, NMR, NUA of both organization and individual messages on the next day (one-day lag). Only the correlation relationship between precipitation and the TNR of messages posted by organization accounts has a three-day lag effect. The possible reason is that heavy rainfall gradually moved downstream along the Yangtze River, where the public may have searched for related warning messages and reposted these messages. In addition, it can be speculated that people are more inclined to exchange opinions under the messages posted by the organization accounts. The TNR of individual accounts on the next day has a significant correlation with precipitation, that is, the one-day lag effect.
In fact, the time lag effects include three parts: (1) A time lag from the beginning of rainfall to public perception of rainfall, then to response on social media; (2) a time lag from floods to public perception, then to response on social media; and (3) a time lag from the beginning of rainfall to floods, then to public perception, then to response on social media. Factors such as the type of disaster, geographical differences, network penetration, etc., should affect the length of the lag time, but in general, the shorter the lag is, the more beneficial it is to reduce economic losses and casualties. 
Dissemination Speed
Information dissemination is mainly carried out by reposting on social media. The speed of information dissemination is reflected by when and how many messages are reposted, which can also reflect the response and attention of government agencies, news organizations and individuals. Floods occur after a precipitation accumulation process. Correspondingly, the time of posting message is different, and there is no fixed starting time for all messages. For each message, we 
Information dissemination is mainly carried out by reposting on social media. The speed of information dissemination is reflected by when and how many messages are reposted, which can also reflect the response and attention of government agencies, news organizations and individuals. Floods occur after a precipitation accumulation process. Correspondingly, the time of posting message is different, and there is no fixed starting time for all messages. For each message, we extracted the time it was posted and the time it was reposted each time. Then, we identified the trend of the number of messages reposted over time ( Figure 6 ). Messages were quickly disseminated by reposting within 14 h after being posted, especially within 2 h after being posted, and began to decline after 4 h. Messages were rarely reposted 48 h after the messages are posted, which is not shown in Figure 6 . In general, there is a significant power function relationship between the TNR and time.
At the beginning of the flood, messages related to flooding are not enough. In particular, there is a lack of government agency messages, which makes the public pay attention to only the latest information. Therefore, the outdated messages about flood events are quickly overwhelmed. In short, if messages are not being reposted in the first four hours, the possibility of being reposted again over time decreases. Although the popularity of flood information can only be maintained for a short time, the dissemination of these messages occurs over a longer period. This phenomenon is called the "long tail effect" [39] . Even when the rainfall passed, the public's attention did not come to an end. As long events could make the public think of the flood, relevant messages were searched again and reposted. The four types of messages also have a "long tail effect" similar to the overall trend, with the trend of messages decaying quickly within four hours and then maintaining a very slow downward trend accompanied by fluctuations. Action and opinion messages received more attention in the first few hours than information and emotion messages, and opinion messages were disseminated faster than other messages. The heat attenuation of information messages was the slowest of all the types of messages.
Sustainability 2019, 11, x 11 of 20 extracted the time it was posted and the time it was reposted each time. Then, we identified the trend of the number of messages reposted over time ( Figure 6 ). Messages were quickly disseminated by reposting within 14 hours after being posted, especially within 2 hours after being posted, and began to decline after 4 hours. Messages were rarely reposted 48 hours after the messages are posted, which is not shown in Figure 6 . In general, there is a significant power function relationship between the TNR and time. At the beginning of the flood, messages related to flooding are not enough. In particular, there is a lack of government agency messages, which makes the public pay attention to only the latest information. Therefore, the outdated messages about flood events are quickly overwhelmed. In short, if messages are not being reposted in the first four hours, the possibility of being reposted again over time decreases. Although the popularity of flood information can only be maintained for a short time, the dissemination of these messages occurs over a longer period. This phenomenon is called the "long tail effect" [3940] . Even when the rainfall passed, the public's attention did not come to an end. As long events could make the public think of the flood, relevant messages were searched again and reposted. The four types of messages also have a "long tail effect" similar to the overall trend, with the trend of messages decaying quickly within four hours and then maintaining a very slow downward trend accompanied by fluctuations. Action and opinion messages received more attention in the first few hours than information and emotion messages, and opinion messages were disseminated faster than other messages. The heat attenuation of information messages was the slowest of all the types of messages.
In addition, there are also obvious differences in the reposting of messages posted by organization and individual accounts, although both have significant a "long tail effect" (Figure 7) . Organization messages were reposted more than individual messages within 20 hours, and the opposite was true after 20 hours. In addition, there are also obvious differences in the reposting of messages posted by organization and individual accounts, although both have significant a "long tail effect" (Figure 7) . Organization messages were reposted more than individual messages within 20 h, and the opposite was true after 20 h. At the beginning of the flood, messages related to flooding are not enough. In particular, there is a lack of government agency messages, which makes the public pay attention to only the latest information. Therefore, the outdated messages about flood events are quickly overwhelmed. In short, if messages are not being reposted in the first four hours, the possibility of being reposted again over time decreases. Although the popularity of flood information can only be maintained for a short time, the dissemination of these messages occurs over a longer period. This phenomenon is called the "long tail effect" [3940] . Even when the rainfall passed, the public's attention did not come to an end. As long events could make the public think of the flood, relevant messages were searched again and reposted. The four types of messages also have a "long tail effect" similar to the overall trend, with the trend of messages decaying quickly within four hours and then maintaining a very slow downward trend accompanied by fluctuations. Action and opinion messages received more attention in the first few hours than information and emotion messages, and opinion messages were disseminated faster than other messages. The heat attenuation of information messages was the slowest of all the types of messages.
In addition, there are also obvious differences in the reposting of messages posted by organization and individual accounts, although both have significant a "long tail effect" (Figure 7) . Organization messages were reposted more than individual messages within 20 hours, and the opposite was true after 20 hours. There are weak relationships between organizations and their followers since there are weak relationships based on network information, users are unknown to each other, and users are able to follow and cancel anytime [40] . Messages posted by organizations are formal and easily read by followers, which increases the possibility of messages being reposted due to the existence of many followers [41] . With increasing amounts of information appearing on social media, the public begins to identify useful or reliable information, express their understanding and views, breaks the previous one-way information sharing model with organizations, and expects effective two-way communication. As time goes on, it is easier for individual messages based on strong relationships to obtain trust and support, and these receive more attention and discussion by the model of two-way communication, so reposting may be higher for these than for organization messages. Communications between individual accounts and their followers through comments and reposting can deepen the understanding of the information and can completely express opinions. Therefore, some messages posted by individual accounts can maintain the heat attenuation for a longer time than messages posted by organization accounts.
Reposting Relations in Social Networks
According to the relationships of messages being reposted by accounts, a network graph was visualized using Gephi software, as shown in Figure 8 . Each node in the graph represents a Sina-Weibo account, and its size is based on the number of reposts that account received. The blue nodes represent general public users, red nodes represent social organization users, green nodes represent celebrity users, purple nodes represent government agency users, and pink nodes represent news organization users. Each edge (the line connecting a pair of nodes) represents a repost between two accounts, and thicker lines mean more repostings.
previous one-way information sharing model with organizations, and expects effective two-way communication. As time goes on, it is easier for individual messages based on strong relationships to obtain trust and support, and these receive more attention and discussion by the model of two-way communication, so reposting may be higher for these than for organization messages. Communications between individual accounts and their followers through comments and reposting can deepen the understanding of the information and can completely express opinions. Therefore, some messages posted by individual accounts can maintain the heat attenuation for a longer time than messages posted by organization accounts.
According to the relationships of messages being reposted by accounts, a network graph was visualized using Gephi software, as shown in Figure 8 . Each node in the graph represents a Sina-Weibo account, and its size is based on the number of reposts that account received. The blue nodes represent general public users, red nodes represent social organization users, green nodes represent celebrity users, purple nodes represent government agency users, and pink nodes represent news organization users. Each edge (the line connecting a pair of nodes) represents a repost between two accounts, and thicker lines mean more repostings. Of all the accounts, messages posted by China Daily are reposted most frequently, up to 4517 times, followed by CAIJING, Small grain that wants to travel, Engineer Charles Shef, and the Global Times, whose messages are reposted more than 2000 times. In addition, there are five accounts (Chutian Metropolis Daily, Surging News, Headline News, Sina News and Wuhan Tongcheng Association) whose messages are reposted more than 1000 times. Table 4 shows the numbers of messages posted by these accounts and the number of these messages that are reposted by other accounts. Surprisingly, these accounts only post several messages, but their messages are frequently reposted. Except for two individual accounts and one social organization account, the other seven accounts belong to news organizations whose messages are heavily reposted because they have many followers. Messages posted by news organizations are characterized by timeliness and are easily reposted by the public, which has attracted widespread attention. Although the followers of the two individual accounts are fewer than the followers of the news organizations, they far exceed the followers of other individual accounts. Small grain that wants to travel is a well-known fashion blogger with more than 190,000 fans, and all of his/her messages are viewed more than one million times by followers every day. Engineer Charles Shef is a commentator with 70,000 followers. The two accounts belong to well-known accounts on social media that have celebrity effects. Due to the audience's respect for celebrities, they tend to adopt celebrities' suggestions and opinions and have a strong willingness to repost their messages and find a sense of "collective identity". A celebrity's single message during the flood period was reposted more than 3000 times, which may have affected the public's perception of whole events. This finding is consistent with Tang's (2013) assertion that in communities where leaders are aware of an emergency, more prevention or relief actions are taken than where awareness is lacking [42] . The messages posted by the Wuhan Tongcheng Association (a social organization composed of citizens with the same interests and hobbies) have also been widely reposted on social media because it has many followers and a good reputation among local citizens. Therefore, the public's awareness and response to disasters is increasing on social media.
It is worth mentioning that there are no government agency accounts among the top 10 accounts, meaning that government agencies do not play a leading role in the information dissemination process on social media. We can call these accounts leading accounts. However, leading accounts are completely different from kernel accounts (Figure 4 ). Although kernel accounts posted many messages, these messages were not widely dispersed by reposting. This fact implies that government agencies did not use the Sina-Weibo platform as an important way to post information related to the flood event and to respond to the public's responses.
Discussion
Responses to Disasters on Social Media in Western Countries and China
Like in Western countries, social media played an important role in urban flood disaster event in China, especially in information sharing and situational awareness in in the stage of disaster response. For example, the majority of messages posted during disasters are about the traffic, weather situation, and disaster relief [28, 33, 43] . If related messages are not being reposted in the first few hours, the possibility of being reposted again over time decreases, but it will not stop for a long time (long tail effect). Mersham (2010) explained this phenomenon as that the conversations of netizens can create a long-lasting impact because they can be re-referenced and accessed quite simply in similar disaster event [44] . In general, the dissemination of all the disaster-related messages show a long tail effect in both Western countries and China.
In China, however, 56.7% of the total population are netizens, which just reaches the average global level (56.8%) but is far below that of the United States (95.6%). Furthermore, most active users on social media are young people under the age of 30. Middle-aged and older people are limited by technology, the economy, and education level, and they cannot obtain disaster warnings from social media.
In addition, there are obvious differences in cultural backgrounds between Western countries and China. Western values believe that the lifestyle and quality of life of each individual depend on their ability [45] . The Chinese emphasize group and social consciousness [46, 47] . So, Chinese people are more likely to follow the herd subconsciously and face difficulty questioning existing opinions. Therefore, the messages posted on the social media with a function of public opinion guidance are easier to be disseminated in China. It also noticed that seven of the ten accounts with messages most frequently reposted in the floods were news organization accounts. Western culture encourages individual innovation. Chinese people pay attention to modesty and prudence. Westerners value individual freedom and are unwilling to be restricted. Chinese culture emphasizes collectivism, advocates that individual interests should be subordinate to collective interests, and expresses little about individual needs. In the Western countries, individual personality, freedom, and equality are more important. Therefore, in the BP Deepwater Horizon oil spill event, the third most frequently reposted account was the ordinary individual account [6] . In the Wuhan event, none of the 10 most frequently forwarded accounts were an ordinary individual account.
In most Western studies, people pay more attention to information messages [32, 48] . However, action messages attract public attention and were reposted most during the Wuhan flood and other disasters in China [35] . Because 43.3% of the total population are not netizens in China, their access to information related to disaster is relatively single, mainly relying on traditional media such as television and newspapers, especially for older people. The public cannot obtain enough information in time, which makes it impossible for them to judge the development of disasters and take appropriate action. So, they rely more on action information to tell them what to do than their own judgments. This is also reflected on the social media where the public is more inclined to repost and comment on action messages. Of course, this also implies that the popularization of disaster awareness education in China is not enough and needs to be improved.
Individuals are the highest contributors of messages on social media networks during disasters [36, 43, 49] . During the Wuhan flood event, the messages posted by news organization accounts were most widely disseminated, but messages posted by government agencies and non-governmental organizations (NGOs) were not widely disseminated. The opinions of the general public were drowned out and were not taken seriously in the vast number of messages. On the contrary, in Western countries, government agencies and influential individuals including reporters, celebrities, and critics play leading roles [14, 36, 50] .
Based on reposts and likes, we found that two-way communication was relatively rare on social media during the Wuhan flood event, except for few messaged posted by several celebrity accounts. Meanwhile, the information from authority departments (government agencies and NGOs), which was urgently needed by the public, rarely involved in two-way interaction. Since 2013, Wuhan city has invested more than 13 billion Chinese Yuan in the treatment of urban drainage systems. In addition, Wuhan city was officially selected as the first national "sponge city" construction pilot in April 2015. However, when the public questioned the effectiveness of these investments on the social media, they did not receive any effective response during the flood event. Frequent two-way communications between posters and commentator can not only attract more people to join the discussion, but also allow posters and commentators to share more information with each other, revealing the truth of the disaster event in time. On the contrary, two-way communication is very active on social media in Western countries.
In addition, we further searched for messages from Sina-Weibo after the floods event (from 16 July to 15 September). The results show that the public discussion of flood disasters was very little during the mitigation and recovery stages, which indicates that the public's interest in disaster mitigation and recovery is far less than that of disaster events themselves. It seems that the public soon forgot about the flood event. On 21 June 2019, Wuhan suffered heavy rains again. As a result, the phrase "watching the sea in the city" once again became a hot topic on social media, which responses to an old Chinese saying, "once on shore, one prays no more". That is, in the stages of mitigation and recovery, the role of social media in China was still far less than that of Western social media.
Differences in Responses to Various Natural Disasters
Social media holds great hope for leveraging public participation in disaster responses [4] . It is difficult to identify the precise beginning of flood disasters, and they have a long-term impact on the productivity and lives of residents [51] . Flood disasters provide enough warning time, and the entire disaster process can be divided into different stages. Responders can implement different measures at different stages, and researchers can study the responses of people to different stages in detail. During flood disasters, government emergency agencies have the responsibility to verify information before posting it. The number of messages posted by the government lag behind those of news organization but have much higher accuracy. The public's main concern is information acquisition during such disasters. In terms of disasters such as earthquakes, disaster situations are often more difficult to predict, so instead of providing status updates, rescue needs are the most important. Disasters such as droughts are different from the two above types. Droughts do not attract public attention within a certain period, and usually only a few specific groups are conscious of the disaster [52, 53] . As a result, there are rarely relevant messages on social media. Therefore, we believe it is necessary to conduct further research on the responses to different disaster types with different duration periods and different regional or cultural environments to study how to responses are correspondingly affected and to further refine the response step.
Emergency Management Models
Social media is clearly changing the ways in which people communicate during disaster events. Emergency responders are beginning to understand that they cannot ignore these new channels. For example, the U.S. Department of Homeland Security's Science and Technology Directorate (DHS S&T) established a virtual social media working group (VSMWG). The mission of the VSMWG is to provide guidance and best practices to the emergency preparedness and response community on the safe and sustainable use of social media before, during, and after emergencies. However, Chinese emergency response framework system was initially formed on 8 January 2006. In addition, the Emergency Management Department of China was established on 13 March 2018. Therefore, China has not yet formed a special disaster emergency guidance system based on social media, and social media has not been used as a systematic tool throughout all links of risk communication. In the Wuhan flood event, the messages posted by emergency departments were mainly derived from the National Emergency Broadcasting and Wuhan Municipal Government Emergency Office. These agencies posted 83 messages, of which 78 were early-warning messages, one was a self-rescue message, and the rest were real-time torrential rain damage and casualty messages with an average 565 reposts. Although messages from government agencies focused mostly on early warning and were more comprehensive than those of news organizations, the messages posted by government agencies were reposted less often than those of news organizations. During the 2010 BP Deepwater Horizon Oil Spill incident, only one of the top ten reposted accounts was that of a news organization, one was that of a government agency, and the most (five accounts) were those of influential individuals, including reporters, celebrities, and critics [14] . During the Wuhan flood event, however, most of the reposted messages were those from news organization accounts and two celebrity accounts. None of the reposted messages were from government agency accounts. Therefore, social media has not played the eight roles mentioned by the Virtual Social Media Working Group and Department of Homeland Security First Responders Group. Some opinion leaders, especially celebrities with accounts marked with a large V in the Sina-Weibo platform, should assist government agencies in improving information dissemination and communication with the public. After the disaster, we can timely obtain information on how to save ourselves and how to obtain relief or materials in time.
Factors That Influence the Use of Social Media in Disasters
With the development of mobile client, more and more young people have began to initiate contact through social media. According to the annual report of Sina-Weibo in 2018, users aged 23-30 accounted for the highest proportion, reaching 40%, followed by 18-22 years old (35%), 31-40 years old (14%), and the lowest was those aged over 41 years old, accounting for only 5%. Therefore, age is an important factor influencing the use of social media in disasters [54] .
In addition, having enough active time in social media means having enough time and convenient access to the Internet. In a fixed workplace, netizens engaged in mental work can pick up mobile phones to pay attention to disaster information and repost interesting content at any time. For netizens engaged in special jobs, such as mechanical workers, workshop workers and so on, only after work or during weekends can they have enough time to surf the internet to pay attention to the development of disasters. Similarly, for high-income and highly educated people, more attention is paid to environmental problems or individual psychological aspects. Therefore, the background of education and income may also lead to different public attention to the disaster information.
Secondly, 56.7% of the total population is netizens in China, which only reaches the global average (56.8%) but is far below that of the United States (95.6%). Part of the problem is that older people are unable to access disaster information through the internet because they do not use smartphones. The other part is that the residents in remote mountainous areas are affected by poor economic conditions, low educational level, or the absence of network in the whole area. They still get information through traditional media such as radio, newspaper and television.
Finally, Chinese early warning information is mainly issued and updated by competent meteorological departments at all levels. No organization or individual can issue an early warning in any form. Once found, the early warning will be criticized by warning, and the organization or individual may even face a fine. Therefore, Chinese people mainly accept information passively. There is also a lack of two-way communication between government departments and the public, and thus, different ways of emergency and network management may lead to different public response speed.
Conclusions
In the stages of preparedness and response, social media plays an important role in urban flood disaster events in China, especially in information sharing including weather forecast, traffic situation, and what witnesses see and hear. We found that there is a significant time-lag effect (one day) between precipitation peaks and general public participation, and there is a three-day lag between the precipitation peak and the dissemination of opinion messages. All messages are quickly disseminated within two hours after they are posted and then maintain a stable slow dissemination speed. Although the heat of messages lasts for only a short time, dissemination does not stop for a long time. Organization messages are more likely to be reposted than individual messages within 20 h, but the heat attenuation of organization messages is faster than that of individual messages. The content of messages posted by government agencies is more comprehensive and has more information about early warnings than those of news organizations. People tend to exchange opinions when they repost organization messages, and the popularity of such communications lasts for three days or even longer. Individual messages posted by celebrities are easily disseminated on social media. The public does not have enough sense of disasters and subconsciously thinks that natural disasters are far away from them. Moreover, the government does not make good use of social media, especially the function of two-way communication, and most of the emergency department followers are not active. Therefore, useful warning information was not disseminated quickly through social media. Compared with social media in Western countries, the public cannot obtain enough information from Chinese social media in time. Social media has not played other important functions, such as two-way communication, decision support, and so on.
Our findings can be applied to other natural disasters to ensure that the credible messages posted by organization accounts can be disseminated more quickly and widely after a disaster. For example, adding opinions content to the message posted by the organization accounts may promote the persistence of information dissemination. The time-lag effect between public response and precipitation may provide insights into the study of disasters with time-lag effects such as debris flows and landslides. The implementation of timely self-rescue can effectively reduce the threat of life and property losses caused by disasters.
In future work, more factors should be considered, such as users' gender, age, occupation, and location (cities, villages). It is necessary to improve the method of using and explore the public's response to emojis, pictures, and videos from social media during disasters. The public participant in the all stages of disasters (preparation, response, mitigation, and recovery) is also worth studying further. 
